The large variation in the relationships between environmental factors and plant traits observed in natural communities exemplifies the alternative solutions that plants have developed in response to the same environmental limitations. Qualitative attributes, such as growth form, woodiness and leaf habit can be used to approximate these alternative solutions. Here, we quantified the extent to which these attributes affect leaf trait values at a given resource supply level, using measured plant traits from 105 different species (254 observations) distributed across 50 sites in mesic to wet plant communities in The Netherlands. For each site, soil total N, soil total P and water supply estimates were obtained by field measurements and modelling. Effects of growth forms, woodiness and leaf habit on relations between leaf traits (SLA: specific leaf area; LNC: leaf nitrogen concentration; and LPC: Leaf Phosphorus Concentration) vs. nutrient and water supply were quantified using maximum likelihood methods and Bonferroni post-hoc tests. The qualitative attributes explained 8-23% of the variance within sites in leaf traits vs. soil fertility relationships, and therefore they can potentially be used to make better predictions of global patterns of leaf traits in relation to nutrient supply. However, at a given soil fertility, the strength of the effect of each qualitative attribute was not the same for all leaf traits. These differences may imply a differential regulation of the leaf economy traits at a given nutrient supply, in which SLA and LPC seem to be regulated in accordance to changes in plant size and architecture while LNC seems to be primarily regulated at the leaf level by factors related to leaf longevity.
INTRODUCTION
The use of plant traits as indicators of plant strategies and plant responses to the environment has gained popularity among ecologists (Westoby et al. 2002 , Lavorel et al. 2007 ). This line of thinking is supported by research showing: i. suites of traits that represent various trade-offs in plant functioning (e.g. fast growth vs. persistence (Reich et al. 1997 , Wright et al. 2004 , seed survival vs. seed dispersal (Moles and Westoby 2006, Falster et al. 2008 ) and competition for light vs. costs of height increment, stem persistence and maximum height (Falster and Westoby 2005b) ) and ii. the regulation of plant traits by climate and latitudinal gradients (Reich and Oleksyn 2004 , Wright et al. 2005b , Moles et al. 2007 ), nutrient supply (Ordoñez et al. 2009 ) and disturbance regimes (Vile et al. 2006) .
Leaf traits such as SLA (specific leaf area), LNC (leaf nitrogen concentration) and LPC (leaf phosphorus concentration) are strong indicators of the trade-off between fast growth and leaf longevity (Wright et al. 2004 ). This trade-off is one of the most extensively studied in plant ecology (for reviews see Aerts and Chapin (2000) , Westoby et al. (2002) ) and is currently understood quite well, particularly in relation to nutrient and water stress in dry environments. In wet environments, little attention has been paid to the response of leaf economy traits, but recently Ordoñez et al. (2010b) have shown that oxygen stress directly and indirectly affects leaf economy traits through negative effects on nutrient supply. Nevertheless, in all studies involving regulation of leaf traits by environmental factors, there is a large residual variation in trait values not explained by a given factor (Reich and Oleksyn 2004 , Wright et al. 2005b , Ordoñez et al. 2009 ). This large trait variability, that contrasts the supposedly strong filtering by environmental conditions, is caused by processes occurring among and within sites. Among sites trait variability is likely due to effects of additional environmental conditions and disturbance (Ackerly and Cornwell 2007) . Variability occurring within sites is the largest source of trait variability (Ordoñez et al. 2009 ) and is hypothesized to be caused by micro-site variability, phylogenetic or historical effects (comers vs. go-ers), biotic interactions and game theoretic or frequency dependent processes (Westoby et al. 2002) . Independent of a particular cause, however, the observed variability represents alternative solutions that plants present to a given level of environmental and biological limitations (Westoby and Wright 2006) . These alternative solutions can be observed in natural communities in the broad mix of growth forms, woody vs. nonwoody plants (reflecting different biomass distribution in stems, roots or leaves relative to the total plant biomass (Reich 2002) , referred to as 'woodiness' hereafter) and plants with different leaf habits that exist at a given level of nutrient supply. These qualitative attributes reflect the coordination of various plant traits (within and between plant organs) that ultimately determine the partitioning of resources in time and space. For instance growth forms and woodiness are related to plant size, architecture, growth rates (Cornelissen et al. 1996) , life span (Reich et al. 2007 ), litter decomposability (Cornelissen et al. 2007 ) and leaf habit is related to differences in leaf life span and duration of growing seasons (Givnish 2002 , Westoby et al. 2002 .
The abovementioned qualitative attributes have mainly been used to determine differences in leaf traits (although in this case the different habitats, in which an alternative solution might prevail, are not taken into account (Reich et al. 2007) ) and to describe different plant responses to environmental drivers across sites. So far, it has not been tested i. whether the leaf economy traits have similar values among different groups for a given set of environmental conditions and ii. whether these qualitative attributes may be used to differentiate among alternative solutions of plants to cope with environmental constraints. The extent to which these different attributes affect the relation between environmental factors and leaf traits can help to better understand which other plant characteristics additionally contribute to variation in leaf economy traits and to understand the consistency of this contribution. This information is important, because this large variation observed in natural communities is one of the main issues hindering predictions of plant responses to environmental drivers. Additionally, given that the selected qualitative attributes are relatively easy to retrieve, the relationships tested can be easily incorporated in current modelling approaches. The aim of this study is therefore to systematically unravel the significance of these different attributes in leaf trait vs. soil fertility and water supply relations and their ability to improve predictions of leaf traits.
MATERIALS AND METHODS

Sites selection
A field survey was carried out to measure plant traits and resource supply parameters simultaneously across 50 sites in The Netherlands. Climate is relatively sTable throughout The Netherlands with mean annual precipitation of 769 mm which is evenly distributed across the year and a mean annual temperature of 9.7°C (data from the Royal Netherlands Meteorological Institute: http://www.knmi.nl/klimatologie). The sites were chosen to span a wide range of nutrient and water availability and conditions. They included wet dune slacks, floodplains, grasslands, forests, shrub-lands and heath, representing the dominant mesic to wet habitats in Western Europe. At each site, one plot was selected to collect both plant and soil samples. The size of the plots varied according to the predominant vegetation present: for herbaceous vegetation plot size was 4 m 2 , for shrubs 25 m 2 and for trees 100 m 2 . Site information is available in Appendix 4-A.
Plant sampling and leaf traits
Vegetation composition was available from literature (van der Peijl et al. 2000) . Prior to sampling, the actual vegetation composition of each plot was compared with the information from literature. When composition in the plot differed from that mentioned in the literature or when the information was not available, vegetation composition was recorded. At each site, only dominant plant species were sampled until the cover sampled amounted to more than 50% of the total vascular plant cover. Dominant plants were selected based on the assumption that they reflect the major adaptations to the environmental conditions of the site. At the 50 sites, 254 species samples, corresponding to 104 different species and spanning all growth forms, were collected.
Plant traits were determined at peak biomass (from mid July till the end of August) and measured following standardized guidelines from Cornelissen et al. (2003) . When available, 5 individuals of each dominant species were selected in each site. For specific leaf area (SLA, m 2 kg -1 ), one twig per individual, exposed to full light conditions or in the least shady areas (for understory vegetation), was collected. Samples were packed in a paper moist bag and inserted in a sealed plastic bag. Samples were transported and stored under cooled conditions. For some small plants, the whole aboveground plant was collected. Within 24 hours of plant collection, the projected area of 5 to 10 leaves (1-2 leaves per individual) was measured with a LiCor leaf area meter. For species with very small, thin or rolled-up leaves (some grasses, rushes and needle leaved species) we measured leaf length and width or circumference of 10 leaves using a microscope and estimated projected leaf area from these measures. Subsequently, all leaves used for SLA measurements were dried at 70°C for 72 hours and weighed. Leaf dry material was ground and used to determine leaf N concentration (LNC, mg g -1 ) with an elemental analyzer (Carlo Erba NA 1500, Rodana, Italy). Leaf P concentration (LPC, mg g -1 ) was analyzed by acid digestion in a solution of HCl:HNO 3 (1:4) at 140 °C during 7 hours in teflon pressure bombs followed by colorimetric determination at 880 nm (Murphy and Riley 1962) . Trait data is available upon request directly to the author or through the TRY database http://www.trydb.org
Estimates of nutrient supply
Soil sampling was carried out around the time of plant sampling. At each site, five soil samples of 6 cm diameter and a depth of 15 cm were taken and mixed to form a composite sample. After sampling, roots and litter remains that were still recognizable were removed. Total N and C were analyzed with an elemental analyzer (Carlo Erba NA 1500, Rodana, Italy). Total P was determined by acid digestion and subsequent colorimetric determination following Murphy and Riley (1962) . A yearly estimate of net N mineralization rates, integrating the nutrient pool potentially available for plant uptake (total N and total C) and the seasonal dynamics in controlling factors of nutrient cycling (soil temperature, moisture and soil texture), was derived from a mineralization model based on the CENTURY model, as described in Ordoñez et al. (2009) .
Estimates of water/oxygen supply
For water/oxygen supply, we simulated the average water filled pore space in spring (WFPS) based on climate, soil properties (including soil texture) and groundwater level dynamics data. WFPS directly summarizes effects of water and oxygen stress as its relation to oxygen availability is independent of soil type, while it correlates strongly (r>0.7) with other measures of moisture availability like pressure heads and soil water content. WFPS was simulated with SWAP 3.0.3, a highly detailed hydrological model that accurately simulates soil moisture dynamics in the unsaturated zone in a wide range of environments (Vanderborght et al. 2005 , van Dam et al. 2008 . A full description of model parameterization and input data used for these simulations can be found in Ordoñez et al. (2010b) .
Qualitative attributes
We quantified separately the effects of three qualitative attributes on leaf trait vs. environmental factor relations: growth forms (grasses, herbs, shrubs and trees); woodiness (woody and nonwoody species) and leaf habit (woody deciduous, woody evergreen and nonwoody species). These attributes were determined based on personal observation in the field and on online database sources: http://www.ecoflora.co.uk/.
Data analysis
All leaf traits and all soil nutrient parameters had a right skewed distribution and were therefore log 10 transformed to attain normality and to comply with the assumption of linearity in the relationships. WFPS was left untransformed because none of the bi-variate leaf trait-WFPS relationships showed strong deviations from linearity (data not shown). Plant responses to water supply may follow a humpback curve reflecting both oxygen and water stress, but the sampled communities were mostly concentrated in the region from no stress to oxygen stress.
To quantify the effects of growth forms, woodiness and leaf habit on relationships of traits vs. nutrient and water supply, we used linear mixed models with maximum likelihood (ML) methods, using SPSS v.15.0. Qualitative attributes such as growth form, woodiness and leaf habit were treated as fixed effects. For a given level of nutrient and/or water supply, the models test whether qualitative attributes separate species along the trait axis (different intercepts). Differences among marginal means of traits for each attribute were tested with a Bonferroni post-hoc test at P<0.05. Estimated marginal means and its standard errors were derived for all fitted models at the mean value of the nutrient (and water) supply gradient as part of the mixed model procedure. Including qualitative variables in the mixed model analysis is thus analogous to an ANCOVA analysis, with the difference that in mixed models we account for the non-independence of leaf trait observations within a site by including the variable 'site' as a random effect. Random effects are expressed as variances and can be compared to the error variance (analogous to a variance component analysis), but there is no equivalent to r 2 .
In the tested models, soil fertility, WFPS and their interactions were treated as covariates. As measures of soil fertility we used modelled soil net N mineralization and soil total P. Net N mineralization performed equally well as total N, but is a better measure of N supply. Soil total P, despite not being directly related to actual P availability, appears to be a robust indicator of P fertility (Ordoñez et al. 2009 ). To avoid problems of co-linearity among the independents, net N mineralization and soil total P were never combined in the models, because they were highly correlated (Pearson r = 0.62, P < 0.001). Instead, to account for combined effects of nutrient and water supply, we run a Principal Component Analysis (PCA) to summarize the available factors into one parameter. For every leaf trait, the combination of soil nutrients (net N mineralization or soil total P), water supply (WFPS), or the effects of nutrient and water supply (first PCA axis) in combination with each of the qualitative attributes produced 21 competing models. The best multivariate models to predict leaf traits were selected with Akaike's Information Criterion (AIC) as a goodness of fit measure: the lower the AIC value, the better the model. Additionally, the possibility to exclude model parameters from mixed models was assessed through F-values and Chi square-tests. All tested multivariate models are included in Appendix 4-B.
Mixed model analyses were run for two datasets: one that consisted of all sampled species (from here onwards 'all species', n = 254) and a second dataset that included sun-lit species only (from here onwards 'sun-lit species', n=113). By testing relationships with the sun-lit species we controlled for potential effects of shade on leaf traits because these traits may also respond strongly to light availability (Poorter et al. 2009 ). In this study, sun-lit species were selected as those species that reached a height of 70% or more compared to the height of the tallest species at a given site. However, for sites with a vascular plant cover of 30% or less, all species were selected as sun-lit species, because in these sparsely covered plots the chance of being shaded by neighbours is low.
RESULTS
A PCA on plant traits (Appendix 4-C) showed two major axes of variation: A first axis mostly represented the covariation of leaf traits and a second axis represented plant size. There was a clear division according to growth form, woodiness, and leaf habit in the sampled trait space, which shows that leaf economics traits also partly relate to other plant strategy components (see Appendix 4-C). The remainder of the manuscript aims at quantifying the effects of these strategy components on leaf trait vs. nutrient supply relationships. Across all 21 models thus tested, SLA, LNC and LPC increased as nutrient supply increased (N mineralization tended to affect SLA more strongly, while soil total P affected LNC and LPC. The reasons for this difference are unknown to us) and this pattern was maintained within different classes of woodiness, leaf habit and growth form (Figure 4 .1). In general, for a given nutrient supply, all three qualitative attributes significantly affected leaf traits, and contributed to the explained variance in the relationships studied. Still, which class had the most dominant effect, varied from trait to trait (see below).
SLA as a function of soil fertility and qualitative attributes
For the data including all species, SLA was related to all indicators of soil fertility, but the best model included net N mineralization and WFPS with an interaction term (Table 4 .1). The significant negative interaction for this particular model of net N mineralization and WFPS indicated that the slope of SLA on net N mineralization became flatter as WFPS increased. All three qualitative attributes had highly significant effects on mean SLA in all models (P < 0.001). Although F-values of woodiness were on average twice those of leaf habit and growth form (see Appendix B), the lowest AIC for the whole model was achieved for the combination of environmental factors with leaf habit (Table 4 .1). For growth forms, post-hoc tests showed that herbs and grasses were not different from each other and had higher SLA than trees and shrubs that did not differ among each other either ( Also in the case of sun-lit species, SLA was related only to net N mineralization and the best model included net N mineralization and WFPS with an interaction term. Even though SLA tended to increase as nutrient supply increased, the slopes were flatter than those for all species (For illustration purposes, Figure 4 .1A,D uses the bivariate relation between SLA and net N mineralization alone). This pattern was maintained within the classes defined by growth form, woodiness and leaf habit, while all three qualitative attributes had significant effects and similar to all species. Still, the lowest AIC for the whole model was achieved for the combination of covariates with woodiness (Table 4 .2), with nonwoody species having higher SLA than woody species at a given nutrient supply . From variance within sites 23.0 11.1 9.5 Note: Model parameters include F-values and probabilities for fixed factors and covariates, random factors with their estimates and probabilities of error and site for best models and a null model in which only an intercept term is included and the variance explained among and within sites. ns=not significant; *** P<0.001 † Explained variance was estimated by comparing the proportion of variance among sites and within sites (error) from a model including environmental factors and qualitative attributes with a 'null' model without these effects. From variance within sites 13.4 8.3 9.0 Note: Model parameters include F-values and probabilities for fixed factors and covariates, random factors with their estimates and probabilities of error and site for best models and a null model in which only an intercept term is included and the variance explained among and within sites. ns=not significant; *** P<0.001 † Explained variance was estimated by comparing the proportion of variance among sites and within sites (error) from a model including environmental factors and qualitative attributes with a 'null' model without these effects.
( Figure 4 .2E). Differences of growth forms were less pronounced because, for sun lit species herbs and grasses were not significantly different from trees. Shrubs had the lowest SLA among all growth forms and were not different from trees either (Figure 4 .2D). For leaf habit, nonwoody species had higher SLA than woody deciduous and evergreens species (Figure 4 .2F).
Figure 4.2. Estimated marginal means and standard errors (SE) for SLA derived at the mean net N mineralization of the sampled soil fertility gradient. Significant differences among groups were tested with a Bonferroni post-hoc test in a mixed model analysis. Panels divide qualitative attributes for all species (A-C) and sun-lit species (D-F). Abbreviations are as follows: (A,D) for growth form,T, trees; Sh, shrubs; G, grasses; and H, herbs; (B, E) for woodiness, Hb, nonwoody; W, woody species; (C, F) for leaf habit, WD, woody deciduous; WE, woody evergreen; Hb, nonwoody species. Different lowercase letters above the bars indicate group differences at the P<0.05 level. The trait axis is plotted on a logarithmic scale. 
LPC as a function of soil fertility and qualitative attributes
For the data including all species, LPC was related only to indicators of soil fertility, with the best covariate being soil total P (Figure 4 .1 B, E). WFPS and its interaction term were never significant (see Appendix 4-B). All three qualitative attributes had highly significant effects on LPC in all models (P < 0.001), but the lowest AIC for the whole model was achieved for the combination of soil total P with growth form (Table 4 .1). Post hoc tests showed significant differences in LPC among growth forms in the order of herbs > grasses > shrubs ≈ trees (Figure 4.3A) . Again, nonwoody plants had higher LPC than woody species at a given nutrient supply (Figure 4 .3B) and nonwoody species had significantly higher LPC than woody deciduous and evergreen species, which were not different from each other (Figure  4 .3C). Shade had very little effect on LPC as the patterns in terms of response to soil fertility and of differences among classes were basically the same for all species and sun-lit species (Figure 4.3A-F) . The only difference between the datasets was that, for sun-lit species, the best model included soil total P and woodiness (Figure 4.3E) , instead of growth form or leaf habit. This is probably because the difference in LPC between grasses and herbs, that was apparent for all species, disappeared for sun-lit species (Figure 4.3D) .
LNC as a function of soil fertility and qualitative attributes
For the data including all species, LNC was significantly related only to indicators of soil fertility, with the best covariate again being soil total P (Figure 4.1C, F) . WFPS and its interaction terms were never significant (Appendix 4-B). As for SLA and LPC, all three Figure 4 .4. Estimated marginal means and standard errors (SE) for LNC derived at the mean soil total P of the sampled soil fertility gradient. Significant differences among groups were tested with a Bonferroni post-hoc test in a mixed model analysis. Different lowercase letters above the bars indicate group differences at the P<0.05 level. The trait axis is plotted on a logarithmic scale. Abbreviations follow Figure 4 .2. qualitative attributes had significant effects on LNC in all models, but in some cases with higher P (0.001 < P < 0.01). The lowest AIC for the whole model was achieved for the combination of soil total P with leaf habit (Table 4 .1). In contrast to SLA and LPC, post-hoc tests in models with leaf habit showed that nonwoody and woody deciduous species had significantly higher LNC than woody evergreen species (Figure 4.4C) . Herbaceous species did not have significantly higher LNC than woody deciduous species. For growth forms, herbs, grasses and trees were not significantly different. Shrubs had the lowest LNC of all growth forms and were not different from trees either (Figure 4 .4A). Differences in woodiness followed the same patterns as SLA and LPC (Figure 4 .4B).
Excluding shaded species from the dataset also eliminated effects of growth form and woodiness on LNC vs. soil fertility relationships (Figure 4.4D, E) . Only the effect of leaf habit was maintained and therefore this was the best model (Table 4 .2). Post-hoc tests showed similar results as for 'all species', with nonwoody and woody deciduous species having significantly higher LNC than woody evergreen species (Figure 4 .4F).
DISCUSSION
The distribution of leaf traits along the fertility gradient coincided with patterns presented before (Ordoñez et al. 2009 ) and reflected the generally described trade-off between fast growth and leaf longevity: on one extreme are plants with high growth rates that tend to acquire available resources fast, but using tissues that are prone to losses, both when alive through herbivores (Coley 1988) and after life by leaching and rapid decomposition (Aerts and Chapin 2000). The opposite occurs with slowly growing plants having long lived tissues (tough leaves) which conserve resources and sustain growth for longer times. The variability in these relationships was large and, as was evident in the PCA analysis (coinciding with previously published patterns (Diaz et al. 2004) ), additional factors related to plant architecture contributed to this variability. Here we quantify, for the first time, the significance of these additional factors (represented as woodiness, growth form or leaf habit) on leaf economy traits at a given environmental condition (in this case primarily nutrient supply). We interpret these differences in leaf economics traits as 'alternative solutions'. The effects of these factors were, however, not the same for all leaf economy traits, showing that some traits are primarily affected by strategy components that involve the total plant design, whereas others are primarily affected by strategy components that operate at the leaf level.
Biomass investments in woody stems affect only SLA and LPC
For the particular case of the relationship of SLA and LPC vs. soil fertility, woodiness was the strongest attribute to separate the bulk of species orthogonal to the nutrient supply axis. Divisions between leaf habits and growth forms were also significant (particularly for 'all species'), but they kept the structure of the division between nonwoody and woody species.
The functional significance of variation in SLA is related to resource conservation (which decreases with increasing SLA), as shown in the response of SLA to nutrient supply across sites (this study and Poorter and de Jong (1999)). The strong effects of woodiness in the analysis highlight another function of SLA: light capture (which increases with increasing SLA). Woodiness affects SLA (this study;Niklas et al. (2005), Milla and Reich (2007)) and other traits that determine light capture. Nonwoody species have greater LMF (leaf mass fraction; leaf biomass proportion of total plant biomass (Korner 1994)) and higher LNC and LPC (Reich et al. 2007 ) than woody species. These adaptations allow for higher potential relative growth rates (Poorter and Garnier 1999), essential in combination with increases in SLA for (mostly herbaceous) understory species to increase light capture under low light conditions (Poorter et al. 2009 ). This pattern causes steeper increases in SLA with soil fertility when all species are considered than when considering sun-lit species only.
The effects of light gradients on SLA modulation were eliminated when analysing sun-lit species only. In that analysis differences in SLA between nonwoody and woody species were still apparent. This remaining difference in SLA corresponds probably mainly to differences among sites in terms of disturbance intensity and frequency (by flooding or management practices such as mowing or grazing). Disturbance may eliminate the benefits for woody vegetation, because woody species only have a pre-emptive access to light after accumulating biomass over long periods of time. Increases in height are a profiTable strategy, but at the cost of lower growth rates and costs to produce and maintain nonphotosynthetic tissues with concomitant long life spans of those tissues and the plant as a whole (Givnish 1995). Severe biomass removal by disturbance implies too high costs to replace leaf and stem tissues, from which woody species will not recover easily (Schulze et al. 1986 ). Unfortunately, the limited information available on disturbance did not allow a quantitative analysis of this factor.
Like for SLA, variation in LPC was also significantly related to woodiness patterns, which represent the coordination of plant characteristics across the whole plant. This is in contrast with LNC, whose variation was related to a plant strategy operating at the leaf level, i.e. leaf habit (see below). It thus seems that a different set of 'alternative solutions' affected SLA and LPC when compared to LNC. One potential explanation for why woodiness affected LPC, but not LNC, is that the majority of the communities sampled in this study had some degree of P limitation (i.e. 28 sites with a leaf N:P >20 while only 2 sites had a leaf N:P < 10, the other 20 sites might be N or P limited (Güsewell 2004)). Plimitation is caused by a variety of reasons including high N deposition in the Netherlands (Bakker and Berendse 1999), differences in soil parent material and soil chemical processes as affected by the quality and the amount of soil moisture (Bakker et al. 2005 ). P-limitation seemed particularly strong for deciduous woody species in this study, which had a low LPC compared to other studies with similar species from a temperate region (Aerts 1996 , Cornelissen et al. 1997 . Evergreen woody species and nonwoody species had LPC comparable to previous studies. Additionally, given that leaves with lower SLA (as in woody species) have more structural carbohydrates for support and probably fewer living tissues (Shipley et al. 2006) , leaf P may be more 'diluted' in leaves of woody species than in leaves of nonwoody species leading to an overall lower LPC.
Deciduous vs. evergreen species in relation to LNC
In contrast to SLA and LPC, variation in LNC was independent of growth form or woodiness (for similar results see Garnier et al. (2001)). Instead, the dominant factor determining the division of leaf N orthogonal to the fertility gradient was leaf longevity, separating nonwoody and woody-deciduous species from woody-evergreen species. For woody species, this separation between evergreen and deciduous corresponds well to leaf longevity, particularly in temperate ecosystems (van Ommen Kloeke et al. in prep.) . In nonwoody species (annuals or perennials), leaf life span in temperate environments is short: between 30-100 days (Diemer et al. 1992 , Craine et al. 1999 , Kikuzawa and Ackerly 1999 , comparable to that of temperate woody deciduous species (Kikuzawa and Ackerly 1999) and shorter than that of most temperate evergreen woody species. Nevertheless, the patterns presented in this study must be interpreted with caution as the distribution of evergreen species was limited compared to that of deciduous and nonwoody species. LNC levels in each leaf habit class were, however, comparable to other field studies in natural communities of temperate zones (Aerts 1996 , Cornelissen et al. 1997 .
The similarity in LNC between woody deciduous and nonwoody species supports the importance of leaf life span for LNC, linked to maximum photosynthetic capacity: deciduous and nonwoody species with their shorter life spans have a higher LNC and photosynthetic capacity than evergreen species (Reich et al. 1992 , Wright et al. 2004 ). The lower LNC in evergreen species seems to reflect a 'dilution' effect due to the investments in structural compounds needed for longer longevity and protection against herbivores (Aerts and Chapin 2000).
CONCLUSIONS
The results of this study show, that across soil fertility gradients, SLA, LNC and LPC showed the same type of response in accordance with the trade-off between fast growth and leaf longevity. Qualitative attributes such as growth forms, woodiness and leaf habit added explained variance to the leaf traits vs. soil fertility relationships. Given that species can easily be classified into these qualitative attributes, they can be potentially used to make better predictions of global patterns of leaf traits in relation to environmental factors. Nevertheless, at a given level of soil fertility, the effects of woodiness, leaf habit and growth form on leaf traits differed. These differences imply a differential regulation of the leaf economy traits at a given nutrient supply, with SLA and LPC apparently regulated in accordance with changes in plant size, while LNC seems to be regulated at the leaf level only by factors related to leaf longevity. Appendix 4-A 87 Table B1 . Table B1 . Table B1 . Table B1 . † These models have lower AIC than the model with Soil P alone, nevertheless, these models include non significant terms and are not statistically better than the model with Soil P alone. Table B1 . † These models have lower AIC than the model with Soil P alone, nevertheless, these models include non significant terms and are not statistically better than the model with Soil P alone.
Appendix 4-A. Site information and climatic data.
Appendix 4-C. PCA ordination of plant traits.
We carried out a PCA to summarize the major axes of plant trait variation of the sampled communities. The results of the PCA analysis were used to visually confirm the division of the sampled species based on their plant traits and the categorical classes selected.
Trait data
Trait data included SLA, LNC, LPC, leaf size, stem specific density (SSD) and plant maximum height. Methodology used for sampling and measurement of leaf traits has been included in the manuscript. Plant height of the tallest photosynthetic tissue was measured on the spot (excluding flowering structures in grasses and some rosette herbs). Height of plants smaller than 5 m was measured with a steel measuring tape. For plants larger than 5 m, height was estimated from the angle of elevation (using a clinometer) and the distance to the tree (using a steel measuring tape). For stem density (SSD, mg mm -3 ), sections of stems of large herbs, shrubs and trees were collected following (Cornelissen et al. 2003) . Whole plants were collected for grasses, sedges and small herbs. In the lab, a stem section up to 10 cm long was cut for small herbs and tall lignified grasses, excluding the top. For the other species of grasses and sedges, a section of the 'stem' formed by the sheets of the plant leaves was cut. Plants with no recognizable stem were recorded as having a stem density of zero. Fresh volume of stems was measured with a water replacement method (Cornelissen et al. 2003) . After measurement, stems were dried at 70°C till constant weight.
Data analysis
All trait data was log 10 transformed prior to the analysis. Scaling focused on inter-species correlations. Species were centered and standardized. PCA analysis was carried out using Canoco 4.5 for windows (ter Braak and Smilauer 2002).
Results
The first two axes of the PCA explained 67% of trait variability, (eigen value Axis 1= 0.37 and eigen value axis 2= 0.30). Axis one reflected mostly the covariation of SLA, LNC and LPC (leaf economy traits), while axis two reflected mostly changes in plant size (high factor loading for plant maximum height, leaf size and stem density). There was a clear division of the species among the three classes (Figure 4 -C.1 panels a-c). With woody species (trees and shrubs) mostly spread along axis 2 and herbaceous species (grasses and herbs) mostly spread along axis 1 (Figure 4 -C.1, panel a and c). For woody species, evergreens tended to have lower height, leaf size and stem density than deciduous and were located at the slow end of the leaf economy spectrum (Figure 4 -C.1, panel b).
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